Sufficient fertility is important for crop growth and yield but supplying a balanced amount of N, P, and K with compost and manure is a challenge and nutrient imbalances can benefit weeds more than crops. The goal of this study was to compare the aboveground growth responses of common northeastern U.S. crops and weeds to addition of composted poultry manure (CPM). A secondary goal was to test whether the observed growth responses to CPM could be attributed to the three macronutrients-N, P, and K-supplied in the CPM. Two field experiments were conducted over 2 yr. Species grown were corn, lettuce, kale, Powell amaranth, common lambsquarters, giant foxtail, and velvetleaf. Plants were grown in soil amended with CPM or single-nutrient organic N, P, and K fertility amendments. Single-nutrient P treatments with bone char did not adequately mimic P supply from CPM. In both years, biomass of all weeds studied increased with CPM amendment rate. Powell amaranth was the most responsive to CPM addition, increasing 1,775 and 159% from the control to the highest CPM rate in 2010 and 2011, respectively. Corn biomass increased by 22% with CPM rate in 2010 but did not increase with CPM rate in 2011. Lettuce biomass increased with CPM amendment rate (175% in 2010 and 109% in 2011), but due to the increased weed biomass at high CPM amendment rates, good weed control will be necessary to maintain this yield benefit. The increase in growth of Powell amaranth, common lambsquarters, and giant foxtail with CPM amendment was not due to N or K, and may have been influenced by P or another factor in the CPM. Velvetleaf was the only species that exhibited increased biomass with N addition (as blood meal), similarly to the increase with added CPM, suggesting the velvetleaf growth response to CPM was due to N in the CPM. The results show that nutrient ratios should be considered when applying organic amendments, because application rates of organic amendments that meet the crop's needs for one nutrient may oversupply other nutrients. Overfertilization will not benefit crop yield, but the results of this study show that high organic fertility application rates are likely to increase weed growth.
This study was motivated by the experiences of dairy farmers and organic vegetable and grain farmers in New York State and Pennsylvania. Farmer collaborators with the Cornell Organic Cropping Systems Project reported that they use composted poultry manure (CPM) as a concentrated fertility source. This CPM is low in carbon (C; 32% total C), and has an N-P 2 O 5 -K 2 O value of 5-4-3.
Sufficient fertility is important for crop growth and yield but increasing fertility applications can benefit weeds more than crops (Di Tomaso 1995) . Shoot growth response of weeds and crops to fertility amendment varies among species. For example, in a greenhouse monoculture study Blackshaw et al. (2004) grew weeds and crops in soil amended with 5 to 60 mg P kg soil 21 . They found that the shoot biomass of 19 weed species, including redroot pigweed (Amaranthus retroflexus L.), common lambsquarters, and green foxtail [Setaria viridis (L.) Beauv.], increased more with increasing P than canola (Brassica napus L.) biomass. Shoot biomass of common lambsquarters, green foxtail, and 15 other weed species also increased more with P addition than wheat (Triticum aestivum L.) biomass. Another greenhouse monoculture study grew weeds and crops in soil with soil test P (STP) levels classified as very low, low, and high (Hoveland et al. 1976) . Redroot pigweed failed to grow at the lowest STP.
In the soil classified as low in STP, redroot pigweed biomass was only 15% of that observed when the STP was classified as high. Corn relative yield was less affected by STP, with 45% of the maximum yield observed in the soil with the lowest STP (Hoveland et al. 1976) .
These varying responses to soil fertility can affect weed-crop competition. In a replacement series pot study, redroot pigweed became increasingly competitive against wheat with increasing N rates, but Persian darnel (Lolium persicum Boiss. & Hohen ex. Boiss) and wild oat (Avena fatua L.) competitiveness was not affected by N (Blackshaw and Brandt 2008) . In a field study, weedy and weed-free corn was amended with 0, 56, or 224 kg P 2 O 5 ha 21 (Vengris et al. 1955) . In both years, corn relative yield did not respond significantly to P amendment under weed-free conditions. However, in 1 of 2 yr corn relative yield decreased by 39% with P addition when corn was grown in competition with redroot pigweed and common lambsquarters (Vengris et al. 1955) .
Organic amendments can supply nutrients beyond crop needs because most essential nutrients in manure and compost are present in ratios that do not correspond to crop needs. For example, when compost or manure is applied to meet the N needs of corn, P levels may build in the soil because the ratio of available N : P in the amendment is lower than the ratio of N : P required by corn (Eghball and Power 1999) . If the organic application rate is high enough to supply the crop's N requirement, the resulting oversupply of other nutrients may benefit weed growth. Supplying part of the N from other sources, such as legume-based green manure, may balance the ratios of applied nutrients and reduce the potential for increased weed growth. However, studies that evaluate the effect of nutrients from organic fertility amendments on weed growth are scarce. A study by Liebman et al. (2004) reported an increase in weed growth with swine manure application whereas corn yield was not impacted. However, what characteristic of the manure caused this response was not tested.
These experiments compared the aboveground growth responses of common northeastern U.S. crops and weeds to CPM, an organic fertility amendment. A secondary goal was to test whether the observed growth responses to CPM could be attributed to the three macronutrients-N, P, and K-supplied in the CPM. We hypothesized that crop growth does not respond to CPM rates higher than the rate that satisfies the N needs of the crop whereas weed growth responds to CPM rates well above the rates at which crop growth ceases to respond.
Materials and Methods
Two field experiments were conducted, one in 2010 and one in 2011, to evaluate effects of CPM and several organic single-nutrient amendments on the growth of weeds and crops. An incubation study was conducted to determine N release dynamics from blood meal compared with CPM. All soil and fertility amendment analyses and statistical analyses are described at the end of the Materials and Methods section.
2010 Field Experiment. This experiment was conducted near Aurora, NY (42.73uN, 76.65uW) . The soil was a Lima silt loam (fine-loamy Oxyaquic Hapludalfs) with pH 7.7 and 37 g kg 21 organic matter (OM). The field site was in perennial ryegrass (Lolium perenne L.) with some volunteer red clover (Trifolium pratense L.) and white clover (Trifolium repens L.) for 4 yr before the experiment. A composite soil sample (0 to 20 cm deep; 12 subsamples) taken pretreatment on June 11 confirmed that the soil was low in P (3.5 mg kg
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Morgan extractable P) and medium in K (61 mg kg 21 Morgan extractable K; Cornell Cooperative Extension 2011a,b). To homogenize the N input at plow-down, alfalfa hay was spread between the clover clumps such that hay and clover together supplied approximately 60 kg N ha 21 . Sod was mold-board plowed and disked on June 18, and disked again on June 21.
Crops were corn ('VK7610') and lettuce ('New Red Fire'). Weeds were Powell amaranth, common lambsquarters, and giant foxtail. All species were grown in monoculture. Fertility treatments used four nutrient sources: (1) CPM (source, Kreher's Poultry Farm, Clarence, NY; N-P 2 O 5 -K 2 O, 5-4-3), (2) blood meal (Down to Earth Distributors, Inc., Eugene, OR; 12-0-0), (3) bone char (North Country Organics, Bradford, VT, 0-16-0), and (4) potassium sulfate (North Country Organics, Bradford, VT, 0-0-50). Blood meal and bone char were chosen as N and P sources to mimic the organic forms of N and P found in CPM.
The experiment was a partial factorial randomized block design. The effects of CPM on crop and weed growth were tested by applying a series of exponentially increasing rates of CPM: 03, 13, 23, 43, and 83, where Table 1) . Effects of the N, P, and K supplied by the CPM were tested by applying organic single-nutrient amendments in amounts calculated to mimic the N, P, or K in the five rates of CPM. The rates used span the range of amounts a farmer might apply. Other fertility sources were applied to evaluate the effects of the N, P, or K supplied by the CPM: four rates of blood meal matching the N in the CPM; four rates of bone char matching the P in the CPM, four rates of potassium sulfate matching the K in the CPM; and four rates of a combination of blood meal, bone char, and potassium sulfate matching the N, P, and K in the CPM (Table 1) . Each rate by fertility treatment combination was replicated once in a randomized location in each of three spatial blocks. Two control plots in each block received no added fertility.
Plants were grown in open-bottomed wooden boxes (46 by 46 cm) dug 20 cm (plow depth) into the soil (Table 2) . Each box was filled with the original field soil mixed with fertilizer appropriate to the treatment. All species were direct-seeded (in a circle) into the soil in the boxes ( Table 2 ). Seedlings that failed to emerge were replaced with transplants, which were started the same day seeding was done in the field. Transplants were grown in plastic flats filled with a 4 : 2 : 1 mix of field soil, peat moss, and vermiculite. Transplanting was done at the first leaf stage, with minimal soil added with the seedling (Table 2 ). Less than 15% of seedlings were transplanted. Weeds between boxes were removed with an s-tine cultivator bar on August 6. Remaining undesired weeds within or between the boxes were removed by hand. When weekly rainfall was less than 2.5 cm the experiment was irrigated by hand to ensure a total weekly water input of at least 2.5 cm.
Crops were harvested when they reached marketable maturity: lettuce when it had formed heads and corn when ears were mature enough for silage production ( Table 2 ). Weeds were harvested during seed set but before seeds were shed ( Table 2 ). All aboveground biomass within the box was harvested, except for lettuce, where the lowest, dustiest leaves were discarded, consistent with grower practices. Biomass was dried at 40 C until constant mass prior to determination of plot yield.
Soil samples were collected to test the effects of the fertility amendments on STP and soil test K. On November 2, soil samples were collected from the control, CPM rate 83, and NPK rate 83 treatments ( Table 1 ). The N, P, and K-alone treatments were not sampled because any measurable effect of these treatments on soil nutrient levels should be observed in the NPK treatment. Five soil cores (0 to 20 cm deep) were collected from each box. Cores from different species but the same fertility treatment were pooled within each of the three replications.
2011 Field Experiment. Kale ('Lacinato'), a nonmycorrhizal crop (Ocampo et al. 1980) , and velvetleaf, a mycorrhizal host weed (Stanley et al. 1993) , were included with the five species used in 2010. The field site was near Ithaca, NY (42.46uN, 76.37uW . On the same day, wet coarse lime with an effective neutralizing value of 66% was applied at the rate of 9,000 kg ha 21 (Hanson's Quarry, Watertown, NY) to increase the soil pH to 6.0, the minimum pH for corn and other crops (Cornell Cooperative Extension 2011a,b). The field was Table 1 . Macronutrients applied in each fertility treatment and amendment rate in 2010. Two controls (03) with no fertility additions were included in each replication.
Fertility treatment
Rate CPM plowed and then disked May 27 and disked again May 31. A pretreatment soil sample (12 subsamples, 0 to 20 cm deep) taken on June 1 confirmed that the soil was low in P (1.6 mg kg 21 Morgan extractable P) and high in K (96 mg kg 21 Morgan extractable K) for corn and lettuce (Cornell Cooperative Extension 2011a,b) .
The focus of the 2011 experiment was the effects of N and P on plant growth. The field site was selected for its low P and relatively low pH to facilitate P release from the organic P amendment. In 2010, despite medium soil K levels (61 mg kg 21 ) for corn and lettuce production (Cornell Cooperative Extension 2011a,b), none of the species responded to the potassium sulfate treatment (see Results and Discussion). The 2011 site was high in soil K (96 mg kg 21 Morgan extractable K) and thus the K treatment was removed from the 2011 design.
The experiment used a partial factorial randomized block design. Each fertility treatment occurred in each of four replications. Treatments were designed to test whether crop and weed aboveground biomass response to CPM could be explained by N or P in the CPM. Two treatment sets were devised (Table 3) . The ''recommended P'' treatment set was designed to test, given ''sufficient'' (recommended) P, whether plant growth responded to N and CPM in the same way. The ''recommended N'' treatment set was designed to test, given ''sufficient'' (recommended) N, whether plant growth responded to P and CPM in the same way. Recommended P or N baseline levels were achieved by adding bone char or blood meal, respectively. Recommended N and P rates were calculated using Cornell University guidelines for field corn and lettuce (Cornell Cooperative Extension 2011a,b) . Varying N or P rates on top of the recommended baseline rates were calculated to apply the same amounts of N or P as applied with the various CPM applications. Control treatments were (1) recommended P with no added N and (2) recommended N with no added P (Table 3 ). In 2010, fertility treatments were mixed into soil in open-bottomed wooden boxes. In 2011, to better mimic field conditions, and to reduce the amount of time needed to set up the experiment in the spring, fertility treatments were surface-applied on June 7 onto plots of soil (3.6 m by 11.4 m), and then harrowed into the soil. One row of each species was planted across each replication of the fertility plots. The position of the species was randomized within each replication. The rows of experimental species (corn, Powell amaranth, etc.) be the same for all species. Rows were spaced 76 cm apart. The buffer rows of sorghum-Sudangrass were cut back to a height of 46 cm on August 8 and September 9 to decrease competition for light with experimental plants. Sorghum-Sudangrass root exudates can have allelopathic effects on weed seedlings (Weston et al. 1983 (Weston et al. , 2013 ), but in this experiment weeds and sorghum-Sudangrass were 76 cm apart, making root interactions during the seedling stage unlikely. All species were direct-seeded ( Table 2 ). Seedlings that failed to emerge were replaced with transplants thinned from the same treatment in another replication (Table 2) . Less than 15% of seedlings were transplanted. Undesired weeds between rows were removed with a duck-foot cultivator on July 1. Remaining undesired weeds within and between the rows were removed by hand.
Due to crow (Corvus brachyrhynchos Brehm) damage, replication 4 was excluded from analysis and replication 3 was replanted on July 6 (Table 2 ). Kale and lambsquarters were sprayed with natural-product insecticides as necessary to control cabbage flea-beetles (Phylotreta cruciferae Goeze), and cabbage webworms (Hellula undalis Fabricius) ( Table 2) .
To limit sampling of plants with roots outside of the treated soil volume, data were collected only from the center 1.2 m of row within each 3.6-mlong plot. This resulted in a 1.2-m buffer on either side within each plot. Aboveground biomass was harvested and dried as in 2010 (Table 2 ). Corn and lettuce maturity were determined as in 2010. Kale was considered to have reached market maturity when growth had slowed due to cold weather.
To test effects of treatments on STP, soil samples were collected on October 30 from the control and from the recommended N treatment set's CPM rate 83 and P rate 83 plots in each of the four replications (Table 3) . Five soil cores (0 to 20 cm deep) were collected from the center data section of each plot and combined.
Soil Incubation. The goal of the soil incubation was to test whether blood meal is an adequate substitute for N supplied in CPM. The effect of amendments on soil P and K could be observed in soil samples taken after harvest, but in the moist Northeast climate, soil nitrate is too variable for postharvest soil nitrate to be a good measure of the effect of fertility amendments on soil N.
Plowed but untreated soil was collected from a strip of soil neighboring the 2010 field experiment site on August 16, 2010. Plant matter was removed by screening the soil. Soil was air-dried for 72 h at room temperature, and ground to pass a 2-mm sieve. The soil was low in P (2.5 kg ha 21 Morgan extractable P) and medium in K (46 kg ha The soil was incubated in plastic containers (475 ml) with holes in the lids to maintain aerobic conditions while minimizing evaporation. One hundred grams of dry field soil were added to each container. The soil was brought to 75% field capacity. Containers of soil were incubated for 2 wk to allow soil nitrate levels to stabilize prior to addition of the Table 3 . Treatments in 2011 field experiment. One set of treatments (''recommended N'') compared the effect of composted poultry manure (CPM series) vs. P (bone char series) at various rates when sufficient N (as blood meal) was supplied, and another (''recommended P'') compared the effect of CPM versus N (blood meal series) at various rates when sufficient P (as bone char) was supplied. were applied (139 kg P ha 21 ) to all plots in the ''recommended P'' set of treatments. b 1,333 kg blood meal ha 21 were applied (180 kg N ha 21 ) to all plots in the ''recommended N'' set of treatments. c The 13 rate of CPM was achieved by applying 818 dry kg CPM ha 21 , 5 in addition to the base ''recommended N'' or ''recommended P.'' d The 13 rate of blood meal was achieved by applying 373 kg blood meal ha 21 in addition to the base ''recommended P.'' e The 13 rate of bone char was achieved by applying 216 kg bone char ha 21 in addition to the base ''recommended N.'' fertility amendments (Malhi and Nyborg 1979) . Amendment rates were 0.01 g N per container. This equates to 486 kg N ha
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. This rate is high but below the rate at which Petersen et al. (2004) observed delayed nitrification due to urea concentration. Containers were randomly distributed within a dark growth chamber and incubated at 25 C. Soil moisture was maintained at 70 to 75% of field capacity by weighing and rewetting samples at least twice each week. Four treatment replicates were destructively sampled and analyzed for ammonia and nitrate weekly for 8 wk. Four treatment replicates were also sampled at 13 and at 18 wk after fertility amendment, to capture as much of the N release as possible.
Fertility Amendment and Soil Laboratory Analyses.
Compost, bone char, and blood meal were analyzed at Brookside Laboratories, Inc. (New Breman, OH). Total N was measured by dry combustion with a Vario Max CN analyzer (Elementar, Mt. Laurel, NJ). Available P was extracted with ammonium citrate and available K was extracted with nitric acid microwave digestion (AOAC International 1995). P and K in solution were analyzed using a 6500 duo inductively coupled plasma spectrometer (ThermoFisher Scientific, Waltham, MA).
Soils were analyzed at the Cornell Nutrient Analysis Laboratory (Ithaca, NY). Soil nitrate-N, P, and K were extracted using the Morgan method (Morgan 1941) , the recommended method for New York, as described in NEC-1012 (2011). OM was measured by loss-onignition at a temperature of 500 C (Storer 1984) . Soil pH was measured in water (wt : v ratio of 1 : 1; NEC-1012 2011). For the incubation study, soils were also analyzed for potassium chloride extractable nitrate and nitrite, and ammonium (Keeney and Nelson 1982) and analyzed using a continuous flow digital colorimetric analyzer (Auto-Analyzer 3, Bran-Luebbe, Norderstedt, Germany).
Data Analysis. Analyses were conducted using the software JMP (JMP Pro, Version 10, Cary, NC).
Aboveground Plant Biomass. Data were transformed to natural logarithms when necessary to homogenize variance. Data were analyzed using either ANOVA (fit model in JMP), or nonlinear regression (nonlinear fit in JMP). Exploratory ANOVAs tested for curvilinearity of the biomass responses to nutrient rates in the field experiments. When the exploratory ANOVA quadratic term was not significant, the ANOVA was conducted again with the second order effects removed, to test for significance (P # 0.05) of the linear effect interactions with fertilizer type. To test for effect of fertilizer rate, separate ANOVAs were run for each fertilizer type (CPM, N).
When the exploratory ANOVA quadratic term was significant, biomass response to fertility rate was analyzed by nonlinear regression. In this nonlinear analysis, when a transformation was necessary, the transformation was done to both sides of the equation, i.e., the data and the nonlinear model equation, to preserve the interpretability of the parameters. To test the significance of biomass response to rate of a fertility amendment, two models were fit to the biomass data, a nonlinear model used as an alternative to the Mitscherlich equation (Equation 1) and a model representing no biomass response to fertility rate (Equation 2). The Mitscherlich equation is commonly used to model yield response to fertility (Gardner et al. 1985) , but Equation 1 closely approximates the form of the Mitscherlich equation (Figure 1 ) and is substantially more likely to produce convergence during nonlinear regression.
For the nonlinear model,
where Y is biomass, a is a fitted parameter representing the maximum biomass, g is a fitted parameter representing the yield loss relative to the maximum potential yield when no fertility is added above what is already present in the soil, h is a fitted parameter representing the rate of increase in ). Equation 1 models were fitted to a series of artificially generated Mitscherlich equation outputs created using all possible combinations of the parameters a 5 100, 500, 1000; b 5 1, 5, 10; c 5 0.1, 0.25, 0.9. Fits of Equation 1 gave a mean approximate R 2 . 0.999.
biomass with increasing nutrient amendment, and R is the rate of the fertility treatment (03, 13, 23, 43, 83) . For the model representing no response to fertilizer rate,
Y~ y ½2
where Y is biomass and ȳ is the mean value of the biomass data for the fertilizer type being tested. The fits of the two models were compared by an F test (P # 0.05) on the difference between the residual sum of the squares of the models (Gomez and Gomez 1984) . The pooled variance among replicates at each rate was used as the denominator of the F ratio rather than the usual sum of squared error from the regression, because the former provides an estimate of error that is independent of the particular model (Mohler and Galford 1997) .
To compare the biomass response to CPM and another fertility treatment (NPK in 2010, and N as blood meal in 2011), two models were fit to the biomass data: a common model for the two nutrient sources (Equation 1) and a model allowing separate fitted curves for biomass from the two fertility treatments (Equation 3). The model giving separate curves for the two nutrient sources has the form
where F C and F N are dummy variables coded 0 for absence or 1 for presence of the fertility treatment CPM or the other fertility treatment for that year, respectively. Other parameters (a, g, h,) are as in Equation 1 and vary with fertility treatment. The fits of the two models were compared with an F test, as described previously.
Soil Samples. Effect of fertility amendment on soil nutrients was analyzed using an ANOVA. Means were separated at P # 0.05 by LSD.
Soil Incubation. To test whether N supply from different N sources varied over time, an ANOVA was run with sampling date, N source, and their interaction as fixed effects. The effects of N source were compared by LSD at P # 0.05.
Results and Discussion
Growth Response of Aboveground Biomass to CPM. Aboveground biomass of all weeds studied increased with CPM rate (Table 4 ; Figure 2 ). In both years, across all crop or weed species, Powell amaranth growth increased the most with increasing CPM rate (Table 4) . Corn biomass increased with CPM rate in 2010 (Table 4 ; Figure 3 ). However, even though the highest rate of CPM provided nutrients well above the amounts recommended for corn production (Table 5 ; Cornell Cooperative Extension 2011a), the effect of CPM addition on corn biomass was small when compared with the growth response of the weed species (Table 4) . In 2011, corn growth did not increase with CPM amendment. Although both field sites were characterized as low in STP and low (2010) or medium (2011) in soil test K (Table 5 ; Cornell Cooperative Extension 2011a), the relatively small effect of CPM rate on corn biomass suggests that sufficient nutrients for corn were supplied by the soil and the sod (and alfalfa hay in 2010) plowed down during site preparation. Large spring OM inputs are common on dairy farms, where alfalfa is often grown for hay, and on organic farms, where cover crops are often included in crop rotations. These results support recommendations to estimate N credits from preceding sod and cover crops when estimating crop N needs (Lawrence et al. 2008) . The consistently greater weed growth response to CPM (Table 4 ) also supports the hypothesis that common weed species benefit from higher rates of CPM amendment than corn.
In both years, lettuce biomass increased with CPM amendment (Table 4 ; Figure 3 ). Because the high rates of CPM amendment benefitted lettuce growth, the results of this study are consistent with recommendations for high fertility amendment rates for lettuce production (Cornell Cooperative Extension 2011b). However, due to the strong weed shoot growth response to CPM and the short growth habit of lettuce, good weed control would be crucial to maintain this yield benefit.
Any possible growth response of kale to CPM was masked by variability in the data (Table 4; Figure 3 ). Some variability in biomass could have been caused by the flea beetle herbivory observed in all treatments. The late planting date may have also negatively affected kale growth. However, lettuce is also a coolseason crop (Cornell Cooperative Extension 2011b), and lettuce growth increased with CPM rate.
Effectiveness of Single-Nutrient Amendments as Substitutes for Nutrients in CPM. Nitrogen. In the soil incubation N supply from blood meal and CPM were not different (Figure 4 ). This indicates that blood meal can be used as a substitute for N release from CPM.
Phosphorus. In the 2010 field study, bone char amendment in the NPK treatment had no effect on STP relative to the untreated control, whereas CPM amendment raised STP (Table 5) . This difference may be explained by two studies, which report that supply of plant-available P from bone char declines with increasing soil pH (Siebers and Leinweber 2013; Warren et al. 2009 ). The calcareous soil at the 2010 field site had a pH of 7.7. In 2011, despite relocating to a field site with lower pH, the bone char amendment again had no effect on STP (Table 5) . It is possible that P released from the bone char precipitated with the calcium released from the lime applied in the spring that year. Alternatively, P in the bone char may have solubilized too slowly to benefit the crops in the season of bone char application, as suggested by Uchimiya (2014) in a review of the effects of pyrolysis on P form and availability. In this review, the author reported that conversion of manure to biochar can result in the formation of more stable (less bioavailable) forms of P, including mineral apatite (Uchimiya 2014) . A similar conversion might have occurred during the charring of animal bones. Independent of the process involved, the soil test P data show that in both years, the bone char treatments did not mimic P supply from CPM well enough to test the hypothesis that weed biomass response to CPM is due to the P in the CPM. Thus our discussion of results will focus on the other treatments (CPM vs. N and K in 2010, CPM vs. N in 2011) .
Potassium. In 2010, potassium sulfate amendment resulted in soil K levels intermediate between control and CPM treatments, but not different from either (Table 5) .
Growth Response of Aboveground Biomass to K.
In 2010, biomass of species in the K-alone treatments was not different from biomass of species in the NPK treatments. Whether in the K alone treatments (data not shown,) or in the NPK treatments (Figures 2 and  3) , increasing K did not increase the growth of any of the two crops or three weed species grown in 2010. We concluded that in 2010 K in CPM was not the limiting factor that allowed biomass of some species to increase with CPM addition. Thus, response to K was not tested by treatments in 2011.
Growth Response of Aboveground Biomass to N.
With the exception of velvetleaf in 2011, no species increased their growth in response to increasing N rate (Figures 2 and 3 ; Table 4 ). Nonlinear model comparison found velvetleaf's growth increased similarly with CPM and N ( Figure 2 ; Table 4 ).
The lack of common lambsquarters, Powell amaranth, and giant foxtail growth response to blood meal amendment in this study differs from the strong growth response to conventional sources of N observed in many other studies of these or related weeds (Andreasen et al. 2006; Blackshaw and Brandt 2008; Hoveland et al. 1976 ). The lack of response by these species to blood meal suggests that sufficient N was supplied by mineralization of organic matter and decomposition of plant residues from the sod plowed down at the beginning of the experiment.
This lack of response to N rate, compared with these weeds' positive growth response to CPM rate, shows that under the conditions of this study growth of Powell amaranth, common lambsquarters, and giant foxtail was limited by some factor supplied in the CPM other than N. In contrast, velvetleaf growth increased similarly with CPM and blood meal, suggesting that its response to CPM was due to the N in the CPM. Velvetleaf is an arbuscular mycorrhizal fungi host species that has been shown to obtain P through its fungal associates (Stanley et al. 1993 ). Thus, one explanation for the differences in weed growth response to blood meal is that velvetleaf, due to its likely mycorrhizal associations, might have been less limited by immobile P, and hence better able to take advantage of the N supplied by the blood meal.
The other weeds in this study are either weakly mycorrhizal or nonmycorrhizal species (Bassett and Crompton 1978; Jordan et al. 2000; Vatovec et al. 2005) . The lack of a response by these weeds to N applied as blood meal could be explained by a P limitation, because P was supplied in the CPM but not in any of the other treatments. Relatively few studies have tested weed response to P, but common lambsquarters and redroot pigweed (a relative of Powell amaranth) have been shown to respond strongly to P amendment as conventional fertilizers (Blackshaw et al. 2004; Hoveland et al. 1976; Santos et al. 2004; Vengris et al. 1955) .
Other qualities of CPM that may explain these weeds' growth response to CPM include micronutrient supply and nonnutrient effects. OM amendment has been proposed as a method of increasing soil microbial activity to create ''weedsuppressive soils '' (Kremer and Li 2003) . However, OM from CPM is unlikely to have played a role in this study. Unlike most animal waste composts, the CPM used in this study is a weed-seed-free, concentrated fertility source low in OM. Postharvest soil OM was similar among treatments (Table 5) .
Recommendations for Future Research and Implications for Agronomic Practices. In 2010, corn biomass increased only 22% across increasing CPM rate, and in 2011, corn biomass was not affected by CPM addition (Table 4) . Lettuce growth responded to CPM, but due to the increased weed growth observed at high CPM amendment rates (Table 4) , good weed control would be necessary to maintain this yield benefit. Weed growth response to CPM was not explained by K supply or, except for velvetleaf, by N supply. Weed growth response to CPM may be explained by P supply, but that cannot be conclusively demonstrated by these experiments as soil test data showed that bone char was unable to supply plant-available P in a timely manner in either season. Additional research is needed to test weed growth response to P, micronutrients, and non-nutrient qualities of CPM. If P is tested, a quickly available P source is needed to mimic P supply from CPM.
Regardless of what quality of CPM influenced aboveground weed growth, the results of this study support fertility management based on soil testing and anticipated crop needs and point to the need to evaluate the management of organic amendments based on nutrient ratios (Eghball and Power 1999) . Application rates of organic amendments that meet the crop's needs for one nutrient may oversupply other nutrients, to the benefit of weeds. Table 5 . Mean pH, organic matter (OM), and Morgan extractable P and K results for soil samples from the 2010 and 2011 field experiments and the soil incubation. All samples other than the pretreatment samples were taken after harvest. See Table 1 
